AXIAL FAN MOTOR AND COOLING UNIT 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an axial fan motor, 
and more particularly, to an axial fan motor for use in a 
cooling unit for air-cooling the heat sink of a heating 
element, such as a CPU, as well as to a cooling unit equipped 
with the axial fan motor* 
Description of the Related Art: 

Conventionally, a heat sink is generally used in 
electronic equipment, such as a personal computer, in order 
to effectively release heat from a heating element, such as a 
CPU. In combination with the heat sink, an axial fan motor 
is used in order to forcibly cool the heat sink. 

Since such an axial fan motor has a motor disposed at a 
central portion thereof, air flow exhausted from the central 
portion is of lower volume than air flow exhausted from a 
peripheral portion of the axial fan motor, with a resultant 
failure to uniformly cool the entire heat sink. Since air 
exhausted from the axial fan motor is of a whirl flow, 
cooling air fails to reach sufficiently deep into the heat 
sink along its cooling fins. 

In order to compensate for any lack of cooling 
capability of an axial fan motor, an axial fan motor 
integrally equipped with air rectification blades is proposed 



in^ for example, Japanese Application No. 2000-223696. The 
air rectification blades are intended to control air flow 
exhausted from the axial fan motor so as to produce uniform 
cooling air flow without whirls. 

With recent increasing demands for reduction in size, 
weight, and cost of electronic equipment, release of heat 
from high integrated components has become a significant 
problem to solve. 

SUMMARY OF THE INVENTION 
An object of the present invention is to solve the 
above-mentioned problem in the conventional axial fan motor 
and to provide an axial fan motor capable of effectively and 
efficiently releasing heat from a heating element, such as a 
CPU, through application of a metallic material to a casing 
and air rectification blades, which are conventionally resin 
moldings, so as to utilize good heat conductivity of metal, 
to thereby facilitate compliance with demands for reduction 
in size, weight, and cost of electronic equipment, as well as 
to provide a cooling unit equipped with the axial fan motor. 

To achieve the above object, the present invention 
provides an axial fan motor for a cooling unit, adapted to 
air-cool a heat sink of a heating element, such as a CPU, and 
thermally connected to the heat sink, which axial fan motor 
comprises a casing formed of a plurality of laminated metal 
plates ♦ 

Heat released from the heating element such as a CPU is 



conducted to the heat sink and is then carried away from the 
heat sink by means of cooling air which is caused to flow by 
the axial fan motor. Also^ the heat is conducted through 
metal to the entire casing of the axial fan motor and is then 
carried away from the casing by means of the cooling air. 
Thus, the cooling efficiency of the heat sink is 
significantly enhanced. Therefore, the heat sink can assume 
a thin, flat form, thereby enabling a further reduction in 
size, weight, and cost of electronic equipment. 

Since the casing of the axial fan motor is composed of 
a plurality of laminated metal plates, it is sufficient to 
provide metal plates and connection means (such as caulking, 
riveting, or welding). In contrast to a method of 
manufacturing a casing by die casting, which involves 
smoothing of a portion of a cast casing corresponding to 
mating surfaces of the dies, deburring, and dimensional 
finishing, the method according to the present invention 
permits to manufacture a casing without the involvement of 
such machining processes, thereby facilitating manufacture 
and enhancing productivity. Since metal plates of various 
shapes can be caulked together, a wide range of combinations 
of metal plates for lamination are available. 

Preferably, the plurality of metal plates comprise a 
single first metal plate A and a plurality of second metal 
plates B. The single first metal plate A, which is an 
outermost layer located at the air exhaust side of a fan, 
comprises a peripheral portion having a circular inner edge; 



a central portion having a circular outer edge; and a 
plurality of arm portions for connecting the peripheral 
portion and the central portion. A bearing holder of a 
rotary shaft of the fan is attached to the central portion. 
The plurality of second metal plates B comprises, singly or 
in combination, the following metal plates Bl, B2, and B3: 
(1) a metal plate Bl which includes only a peripheral portion 
having a circular inner edge; (2) a metal plate B2 which 
includes only a peripheral portion having a circular inner 
edge and assumes an outline of greater size than the outline 
of the metal plate Bl; and (3) a metal plate B3 which 
includes only a peripheral portion having a circular inner 
edge and a single cutout portion formed in the peripheral 
portion and assumes an outline substantially equal in size to 
the outline of the metal plate Bl. 

The bearing holder supports a rotary portion of the 
axial fan motor via a bearing, and a stationary portion 
(stator) of the axial fan motor is fixedly attached to the 
bearing holder, whereby the main body (the stationary portion 
and the rotary portion) of the axial fan motor is fixedly 
attached to the casing. In this manner, the assembly of the 
axial fan motor is simplified. Through appropriate 
combination of the metal plates Bl to B3, the efficiency of 
releasing heat from the casing can be enhanced to thereby 
enhance the cooling efficiency of the heat sink. 

Preferably, all of the plurality of second metal plates 
B are the metal plates Bl. Since metal plates of merely a 
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single kind; i.e., merely the metal plates Bl, are used as 
the second metal plates B, manufacture of the casing is 
significantly facilitated. 

Preferably, all of the plurality of second metal plates 
B are the metal plates B3. Since metal plates of merely a 
single kind; i.e., merely the metal plates B3, are used as 
the second metal plates B, manufacture of the casing is 
significantly facilitated. Since cooling air flows between 
the interior of the casing and the exterior of the casing 
through the cutout portions of the metal plates B3, the 
efficiency of releasing heat from the casing is further 
enhanced to thereby further enhance the cooling efficiency of 
the heat sink. 

Preferably, the metal plates B3 are arranged such that 
the angular positions of the cutout portions of the metal 
plates B3 are successively shifted in the same 
circumferential direction and such that a phase shift of a 
predetermined angle is produced between two adjacent cutout 
portions. Since cooling air flows between the interior of 
the casing and the exterior of the casing through the cutout 
portions of the metal plates B3 which are circumf erentially 
arranged at predetermined intervals, heat can be uniformly 
released from the casing to thereby lessen thermal stress in 
the casing. Thus, the durability of the casing can be 
enhanced. 

Preferably, the plurality of second metal plates B 
comprise the metal plates Bl and B2 such that the metal 
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plates Bl and B2 are laminated alternately. Since peripheral 
edge portions of the metal plates B2 which project beyond the 
peripheral edges of the metal plates Bl serve as fins, the 
efficiency of releasing heat from the casing is further 
enhanced to thereby further enhance the cooling efficiency of 
the heat sink. 

Preferably, the plurality of second metal plates B 
comprise the metal plates B2 and B3 such that the metal 
plates B2 and B3 are laminated alternately. Since peripheral 
edge portions of the metal plates B2 which project beyond the 
peripheral edges of the metal plates B3 searve as fins, and 
cooling air flows between the interior of the casing and the 
exterior of the casing through the cutout portions of the 
metal plates B3, the efficiency of releasing heat from the 
casing is greatly enhanced to thereby greatly enhance the 
cooling efficiency of the heat sink. 

Preferably, the metal plates B2 and B3 are arranged 
alternately such that the angular positions of the cutout 
portions of the metal plates B3 are successively shifted in 
the same circumferential direction and such that a phase 
shift of a predetermined angle is produced between two 
adjacent cutout portions. Since cooling air flows between 
the interior of the casing and the exterior of the casing 
through the cutout portions of the metal plates B3 which are 
circumf erentially arranged at predetermined intervals, heat 
can be uniformly released from the casing to thereby lessen 
thermal stress in the casing. Thus, the durability of the 



casing can be enhanced. 

Preferably, the first metal plate A and the bearing 
holder are integrally formed of the same metal. This 
structural feature simplifies assembly of the casing and the 
main body (the stationary portion and the rotary portion) of 
the axial fan motor to thereby further simplify the assembled 
structure of the axial fan motor. Since the bearing holder 
is made of metal, release of heat from a bearing portion is 
accelerated to thereby eliminate an adverse effect of heat on 
a bearing. 

The present invention further provides an axial fan 
motor for a cooling unit, adapted to air-cool a heat sink of 
a heating element, such as a CPU, and thermally connected to 
the heat sink, which axial fan motor comprises a casing 
formed of a plurality of metal plates and a single or a 
plurality of resin plates arranged in layers. 

Since a resin plate(s) partially constitutes the casing, 
the cooling efficiency of the heat sink drops slightly as 
compared with the casing formed of metal plates only. 
However, the weight and cost of the casing drop, to thereby 
enable a further reduction in weight and cost of electronic 
equipment. Since the casing can be manufactured from a 
plurality of metal plates, a single or a plurality of resin 
plates, and connection means, the following effect is yielded. 
In contrast to a method of manufacturing a casing by die 
casting, which involves smoothing of a portion of a cast 
casing corresponding to mating surfaces of the dies. 
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deburring, and dimensional finishing, the method according to 
the present invention permits to manufacture a casing without 
the involvement of such machining processes , thereby 
facilitating manufacture and enhancing productivity. 

Preferably, the single or plurality of resin plates 
comprise at least a single resin plate C, which is an 
outermost layer located at an air exhaust side of a fan. The 
resin plate C comprises a peripheral portion having a 
circular inner edge; a central portion having a circular 
outer edge; and a plurality of arm portions for connecting 
the peripheral portion and the central portion. A bearing 
holder of a rotary shaft of the fan is attached to the 
central portion. 

The bearing holder supports a rotary portion of the 
axial fan motor via a bearing, and a stationary portion of 
the axial fan motor is fixedly attached to the bearing holder, 
whereby the main body (the stationary portion and the rotary 
portion) of the axial fan motor is attached to the casing. 
In this manner, the assembled structure of the axial fan 
motor is simplified. 

Preferably, the resin plate C and the bearing holder 
are integrally formed of the same resin. This structural 
feature simplifies assembly of the casing and the main body 
(the stationary portion and the rotary portion) of the axial 
fan motor to thereby further simplify the assembled structure 
of the axial fan motor. 

Preferably, the predetermined angle is 90 degrees. 
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Every -time four metal plates B3 are laminated, the cutout 
portions of the metal plates B3 are arranged all around the 
casing. Thus, heat can be further uniformly released from 
the casing to thereby further lessen thermal stress in the 
casing. Thus, the durability of the casing can further be 
enhanced. 

Preferably, one of the arm portions has a window formed 
therein so as to allow looking therethrough at least at a 
terminal of a lead wire, and holder means for holding a lead 
wire. As a result, the lead wire terminal and a motor 
winding terminal can be connected while looking through the 
window. Thus, the connection work is facilitated; lead wires 
can be efficiently run; and the appearance of the product is 
improved . 

Preferably, the axial fan motor further comprises an 
air rectification means. The air rectification means 
straightens cooling air which is caused to flow by the axial 
fan motor, whereby the cooling air can reach deep into the 
heat sink along its fins without involvement of whirls to 
thereby further enhance the cooling efficiency of the heat 
sink. 

Preferably, the air rectification means is disposed 
between the axial fan motor and the heat sink and assumes the 
form of a air rectification cylinder equipped with a 
plurality of air rectification blades. As a result, an 
adverse effect which the motor portion located at the central 
portion of the fan motor causes to the flow of cooling air is 
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alleviated, thereby suppressing a phenomenon that an air flow 
rate at a central portion of the axial fan motor becomes 
lower than that at a peripheral portion of the axial fan 
motor. The cooling air can reach deep into the heat sink to 
thereby further uniformly cool the heat sink* Thus, the 
cooling efficiency of the heat sink can further be enhanced. 

The present invention still further provides a cooling 
unit comprising an axial fan motor of the present invention 
and a shroud for mounting the axial fan motor above a heat 
sink. The shroud comprises a support base having a central 
portion cut out and on which a casing of the axial fan motor 
is mounted; and a plurality of legs extending downward from a 
plurality of positions on a peripheral edge of the support 
base. The support base covers and is thermally connected to 
the heat sink, and end portions of the legs are engaged with 
a base of the heat sink, whereby the shroud is fixedly 
attached to the heat sink. The shroud and a plate serving as 
an outermost layer located at the air intake side of the fan 
of the axial fan motor and partially constituting the casing 
of the axial fan motor are integrally formed of the same 
material . 

Since the shroud and a single plate which is one of the 
layers constituting the casing of the axial fan motor and is 
an outermost layer located at the air intake side of the fan 
are integrally formed of the same material, the shroud and 
the casing can be readily assembled. Thus, the axial fan 
motor can be readily mounted above the heat sink. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS» lA, IB^ and IC are exploded views of a cooling 
unit equipped with an axial fan motor according to a first 
embodiment of the present invention; 

FIG. 2 is a plan view of the cooling unit of FIG. 1; 

FIG. 3 is a side view of the cooling unit of FIG. 1; 

FIG. 4A is a plan view of a first metal plate A^ which 
is one of layers constituting the casing of the axial fan 
motor according to the first embodiment; 

FIG. 4B is a side view of the first metal plate A of 
FIG. 4A; 

FIG. 4C is a sectional view taken along line C-C of FIG. 

4A; 

FIG. 5A is a plan view of a metal plate Bl which is a 
kind of second metal plate B and is one of the layers 
constituting the casing of the axial fan motor according to 
the first embodiment; 

FIG. 5B is a side view of the metal plate Bl of FIG. 

5A; 

FIG. 6A is a plan view of a metal plate B2 which is a 
kind of second metal plate B and is one of layers 
constituting the casing of an axial fan motor according to a 
third embodiment of the present invention; 

FIG. 6B is a side view of the metal plate B2 of FIG. 

6A; 

FIG. 7A is a plan view of a metal plate B3 which is a 
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kind of second metal plate B and is one of layers 
constituting the casing of an axial fan motor according to a 
second embodiment of the present invention; 

FIG. 7B is a side view of the metal plate B3 of FIG. 

7A; 

FIG. 8 is a sectional view of the axial fan motor 
according to the first embodiment, taken along line VIII-VIII 
of FIG. 9; 

FIG. 9 is a plan view of the axial fan motor according 
to the first embodiment; 

FIG. 10 is a sectional view corresponding to FIG. 8 and 
showing a modification of the first embodiment; 

FIG. 11 is a sectional view corresponding to FIG. 8 and 
showing another modification of the first embodiment; 

FIG. 12 is a sectional view corresponding to FIG. 8 and 
showing an axial fan motor according to a second embodiment 
which employs a casing formed through use of the metal plates 
B3 of FIG. 7; 

FIG. 13 is a sectional view corresponding to FIG. 12 
and showing a modification of the second embodiment; 

FIG. 14 is a sectional view, corresponding to FIG. 8, 
of an axial fan motor according to a third embodiment which 
employs a casing formed by combination of the metal plates B2 
of FIG. 6 and the metal plates Bl of FIG. 5, taken along line 
XIV-XIV of FIG. 15; 

FIG. 15 is a plan view of the axial fan motor according 
to the third embodiment; 



FIG. 16 is a sectional view corresponding to FIG. 14 
and showing a modification of the third embodiment; 

FIG. 17 is a sectional view corresponding to FIG. 16 
and showing an axial fan motor according to a fourth 
embodiment of the present invention; and 

FIG. 18 is a sectional view corresponding to FIG. 8 and 
showing an axial fan motor according to a sixth embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the present invention will next 
be described in detail with reference to FIGS. 1 to 5 and 8 
and 9. 

A cooling unit equipped with an axial fan motor 
according to the first embodiment of the present invention is 
used to cool a heating element, such as a CPU. As shown in 
FIGS. lA to IC, the cooling unit 1 includes a heat sink 10 
(FIG. IC); an axial fan motor 30 (FIG. lA) for air-cooling 
the heat sink 10; and a shroud 20 (FIG. IB) serving as a 
stand for mounting the axial fan motor 30 above the heat sink 
10. FIGS. 2 and 3 show the assembled cooling unit 1. 

The heat sink 10 includes a base 11, which is a square 
metal plate of good heat conductivity having a certain 
thickness, and fins 12 fixedly mounted on the base 11. A 
package (not shown) of a heating element, such as a CPU, is 
in contact with the side of the base 11 opposite the fin side. 
Heat is conducted from the package to the base 11 and then to 
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the fins 12, from which the heat is released. In this manner 
temperature rise within the package is suppressed to thereby 
ensure proper operation of the heating element. 

Engagement recesses 13 are formed on side walls of the 
square base 11 in the vicinity of four corners in order to 
receive engagement hooks 24 formed at ends of legs 22, which 
will be described later, of the shroud 20. When the shroud 
20 is engaged with the heat sink 10, the legs 22 extend 
downward outside the fins 12 of the heat sink 10. 

The shroud 20 includes a support base 21 and four legs 
22, which extend downward from four corners of the support 
base 21. As viewed from above, the support base '21 assumes a 
square shape similar to that of the base 11. A central 
portion (not shown) of the support base 21, which has a 
diameter substantially similar to the outer diameter of a 
wheel of blades 45, which will be described later, is cut out 
The support base 21 has a mounting surface 25 on which a 
casing 60 (see FIGS. 8 and 9) of the axial fan motor 30 is 
mounted in a fixed condition. 

Four protrusions 23 are provided on the mounting 
surface 25 of the support base 21 of the shroud 20 in the 
vicinity of the corresponding four corners of the support 
base 21. The protrusions 23 are fitted into corresponding 
engagement holes 61, which will be described later, formed in 
the casing 60 in the vicinity of four corners, thereby 
fixedly mounting the axial fan motor 30 in place on the 
shroud 20. In this state, the casing 60 is thermally 
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connected to the support base 21. The expression "thermally 
connected" means that two members are connected such that 
heat can be conducted therebetween. 

The engagement hooks 24 formed at the corresponding 
ends of the legs 22 of the shroud 20 are engaged with the 
corresponding engagement recesses 13 formed in the base 11, 
whereby the shroud 20 is fixedly attached to the heat sink 10 
in such a manner as to cover the heat sink 10. As a result, 
the support base 21 of the shroud 20 abuts the tops of the 
fins 12 of the heat sink 10 to thereby establish thermal 
connection therebetween. Heat of the heat sink 10 is 
conducted to the shroud 20 and then to the casing 60. 
Preferably, the shroud 20 is an integral product made of a 
metal of good thermal conductivity. However, the shroud 20 
can be a resin molding. 

Next, the structure of the axial fan motor 30 will be 
described in detail. 

As shown in FIGS. 8 and 9, the axial fan motor 30 
includes a main body 40; the casing 60, which encloses the 
main body 40; and a bearing holder 50, which is located 
between the main body 40 and the casing 60 and is adapted to 
fixedly connect the main body 40 and the casing 60. 

The main body 40 includes a motor and rotary blades; 
i.e., a stationary portion 41 and a rotary portion (a rotor 
with blades) 42. 

The stationary portion 41 is configured in the 
following manner. A stator core is fitted to an end part of 
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a cylindrical portion 50a of the bearing holder 50. The 
bearing holder 50 is fixedly connected to the casing 60. A 
PCB (Printed Circuit Board) 48 is located at an upper portion 
of the stationary portion 41 in such a manner as to be fitted 
to the cylindrical portion 50a of the bearing holder 50. On 
the PCB 48, terminals 31a of lead wires 31 and terminals of 
windings of the stationary portion 41, which serves as a 
stator of the motor, are soldered. 

The rotary portion 42 is configured in the following 
manner. A rotary shaft 44 stands at the center of the bottom 
of a bottomed rotary cylinder 43. The rotary shaft 44 is 
rotatably supported by the cylindrical portion 50a of the 
bearing holder 50 via a pair of ball bearings 51. Pairs each 
consisting of a permanent magnet 46 and a yoke 47 are 
circumferentially arranged at equal intervals along the inner 
circumferential wall of the bottomed rotary cylinder 43. The 
permanent magnets 4 6 and the yokes 47 arranged in pairs and 
the bottomed rotary cylinder 43 constitute a rotor of the 
motor. A number of blades 45 are attached to the outer 
circumferential wall of the bottomed rotary cylinder 43. The 
bottomed rotary cylinder 43 and the blades 45 are usually 
formed into a unitary body through resin molding. 

The bearing holder 50 is fixedly attached to the casing 
60 such that a flange portion 50b extending from the upper 
base end of the cylindrical portion 50a is fixedly attached 
onto a central portion 63A of a first metal plate A, which 
will be described later, of the casing 60 by use of four 
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screws 72. In this manner, the main body 40 (stationary 
portion 41 and rotary portion 42) is supported by and 
attached to the casing 60 to thereby form the axial fan motor 
30. The bearing holder 50 is made of metal. 

The casing 60 is composed of a plurality of laminated 
metal plates. 

The plurality of metal plates include a single first 
metal plate A, which is the outermost layer located at the 
air exhaust side of a fan, and a plurality of remaining 
second metal plates B. The term "fan" denotes a structural 
feature of the axial fan motor 30 which serves as a fan 
(excluding motor-related structural features, such as the 
stationary portion 41, the permanent magnets 46, and the 
yokes 47 ) . 

As shown in FIGS. 4 and 9, the first metal plate A 
includes a peripheral portion 62A having a circular inner 
edge 65A; a central portion 63A having a circular outer edge 
66A; and a plurality of (4) arm portions 64A which connect 
the peripheral portion 62A and the central portion 63A. The 
metal plate A has four circular holes 61A formed in the 
vicinity of the corresponding four corners thereof. The 
circular holes 61A serve as the corresponding engagement 
holes 61 formed in the casing 60 in the vicinity of the 
corresponding four corners thereof. 

The peripheral portion 62A has an outline, as viewed 
from above, similar to those of the base 11 and the support 
base 21 of the shroud 20. As mentioned previously, the 
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flange portion 50b of the bearing holder 50 is fixedly 
attached to the central portion 63A by use of the screws 72. 
The circular inner edge 65A of the peripheral portion 62A and 
the circular outer edge 66A of the central portion 63A define 
a fan exhaust port 67. 

A window 68 is formed through blanking in a single arm 
portion 64A so that the lead wires 31 and the terminals 31a 
can be seen therethrough. The window 68 extends to the 
peripheral portion 62A and extends to the central portion 63A 
such that the size thereof is expanded so as to facilitate 
soldering of the terminals 31a and terminals of motor 
windings. Holder means 69 for holding the lead wires 31 is 
provided at the substantially lengthwise center of the window 
68. The holder means 69 is formed integral with the 
corresponding arm portion 64A in the process of forming the 
metal plate A through blanking, such that opposite ends 
project into the exhaust port 67. The opposite ends are bent 
so as to assume a substantially box-like form as shown in FIG. 
4C. 

According to the first embodiment, a plurality of 
second metal plates B each assume the form of a metal plate 
Bl shown in FIG. 5. 

The metal plate Bl has an outline equal in size to the 
outline of the first metal plate A and is merely composed of 
a peripheral portion 62B1 having a circular inner edge 65B1. 
That is, in contrast to the first metal plate A, the metal 
plate Bl does not have a central portion and arm portions for 
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connecting the central portion and the peripheral portion 
62B1. The metal plate Bl has four circular holes 61B1 formed 
in the vicinity of the corresponding four corners thereof* 
The circular holes 61B1 serve as the corresponding engagement 
holes 61 formed in the casing 60 in the vicinity of the 
corresponding four corners thereof. 

The first metal plate A and a plurality of second metal 
plates Bl are laminated such that the first metal plate A 
becomes the outermost layer located at the air exhaust side 
of the fan. Accordingly, the second metal plates Bl are 
arranged underneath the first metal plate A» The layered 
metal plates A and Bl are integrally laminated by caulking. 
Other methods for integrally laminating the metal plates A 
and Bl include the following: riveting by use of rivets 
inserted through corresponding rivet holes which are formed 
in the vicinity of the engagement holes 61 (circular holes 
61A and 61B1); bolting; bonding; and peripheral welding. 

Next, the operation of the thus-configured cooling unit 
1 will be described. 

When the rotary portion 42 of the axial fan motor 30 
starts rotating as a result of energization of the axial fan 
motor 30, the axial fan motor 30 takes cooling air into the 
heat sink 10 from around the heat sink 10. The cooling air 
enters deep into the heat sink 10 to thereby take heat from 
the fins 12. Then, the cooling air flows through a central 
hollow portion of the shroud 20 and the interior of the 
casing 60 and is then exhausted from the exhaust port 67. 



Since the shroud 20 is interposed between the axial fan 
motor 30 and the heat sink 10 to thereby establish a certain 
distance therebetween, there is suppressed an adverse effect 
of the main body 40 of the axial fan motor 30 on deep entry 
of cooling air into the heat sink 10. Flowing through the 
central hollow portion of the shroud 20 and the interior of 
the casing 60, the cooling air also takes heat from the 
shroud 20 and the casing 60 to thereby effectively cool the 
heat sink 10 in two stages. 

The first embodiment, which is configured and operates 
as mentioned above, yields the following effects. 

The axial fan motor 30, which is adapted to air-cool 
the heat sink 10 of a heating element, such as a CPU, and is 
thermally connected to the heat sink 10, includes the casing 
60 which, in turn, includes a plurality of laminated metal 
plates. Thus, heat released from the heating element, such 
as a CPU, is conducted to the heat sink 10 and is then 
carried away from the heat sink 10 by means of cooling air 
which is caused to flow by the axial fan motor 30. Also, the 
heat is conducted through the shroud 20 made of a metal to 
the entire casing 60 of the axial fan motor 30 and is then 
carried away from the casing 60 by means of the cooling air 
which is caused to flow by the axial fan motor 30. Thus, the 
cooling efficiency of the heat sink 10 is significantly 
enhanced. Therefore, the heat sink 10 can assume a thin, 
flat form, thereby enabling a further reduction in size, 
weight, and cost of electronic equipment. 
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since the casing 60 of the axial fan motor 30 is 
composed of a plurality of laminated metal plates, the casing 
60 can be manufactured by use of the metal plates and 
connection means (such as caulking, riveting, or welding). 
In contrast to the casing 60 manufactured by die casting, 
which involves smoothing of a portion of a cast casing 
corresponding to mating surfaces of the dies, deburring, and 
dimensional finishing, the casing 60 can be manufactured 
without the involvement of such machining processes, thereby 
facilitating manufacture and enhancing productivity. 

The plurality of metal plates is composed of a single 
first metal plate A and a plurality of second metal plates B. 
The single first metal plate A, which is the outermost layer 
located at the air exhaust side of a fan, includes the 
peripheral portion 62A having the circular inner edge 65A; 
the central portion 63A having the circular outer edge 66A; 
and a plurality of arm portions 64A for connecting the 
peripheral portion 62A and the central portion 63A. The 
bearing holder 50 of the rotary shaft 44 of the fan (i.e., 
the rotary shaft 44 of the axial fan motor 30) is attached to 
the central portion 63A. All of the plurality of second 
metal plates B are the metal plates Bl, each of which is 
composed of the peripheral portion 62B1 having the circular 
inner edge 65B1. The bearing holder 50 supports the rotary 
portion (the rotor with blades) 42 of the axial fan motor 30 
via a bearing, and the stationary portion 41 of the axial fan 
motor 30 is fixedly attached to the bearing holder 50, 



whereby the main body 40 (the stationary portion 41 and the 
rotary portion 42) of the axial fan motor 30 is attached to 
the casing 60. In this manner^ the assembled structure of 
the axial fan motor 30 is simplified. Since metal plates of 
merely a single kind; i.e., merely the metal plates Bl, are 
used as the second metal plates manufacture of the casing 
60 is significantly facilitated. 

One of the arm portions 64A has the window 68 formed 
therein to allow looking therethrough at least at the 
terminals 31a of the lead wires 31, and the holder means 69 
for holding the lead wires 31. The lead wire terminals 31a 
and corresponding motor winding terminals can be connected 
while looking through the window 68. Thus, the connection 
work is facilitated; the lead wires 31 can be efficiently 
run; and the appearance of the product is improved. 

Since the bearing holder 50 is made of metal, release 
of heat from the bearing portion of the rotary portion 42 of 
the axial fan motor 30 is accelerated to thereby eliminate an 
adverse effect of heat on the ball bearings 51. 

According to the first embodiment, the bearing holder 
50 is fixedly attached to the casing 60 such that the flange 
portion 50b extending from the upper base end of the 
cylindrical portion 50a is fixedly attached onto the central 
portion 63A of the first metal plate A of the casing 60 by 
use of the screws 72. However, the present invention is not 
limited thereto. The following structural features may be 
employed instead. As shown in FIG. 10, the bearing holder 50 
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does not have the flange portion 50b. An upper base end part 
of the cylindrical portion 50a of the bearing holder 50 is 
engaged with a circular inner edge 70A (see FIG. 9) of the 
central portion 63A of the first metal plate A through^ as an 
example, stepped-edge-to-stepped-edge engagement, to thereby 
fixedly engage the bearing holder 50 with the casing 60. 
Alternatively, as shown in FIG. 11, an upper base end part of 
the cylindrical portion 50a is press-fitted into the circular 
inner edge 7 OA, followed by bonding or caulking to thereby 
fixedly engage the bearing holder 50 with the casing 60. 
This method can fixedly engage the bearing holder 50 with the 
casing 60 at relatively low cost. 

Next, a second embodiment of the present invention will 
be described in detail with reference to FIGS. 7 and 12. 

FIG. 7 shows a metal plate B3 which is a kind of second 
metal plate B and is one of layers constituting the casing of 
an axial fan motor according to the second embodiment. FIG. 
7A is a plan view of the metal plate B3, and FIG. 7B is a 
side view of the metal plate B3. FIG. 12 is a sectional view 
of the axial fan motor according to the second embodiment 
which employs the casing formed through use of the metal 
plates B3, and corresponds to FIG. 8, which shows the axial 
fan motor according to the first embodiment. Structural 
features similar to those of the first embodiment are denoted 
by common reference numerals. 

The casing 60 of the axial fan motor 30 of the second 
embodiment is composed of a single first metal plate A, which 
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is the outermost layer located at the air exhaust side of a 
fan, and a plurality of second metal plates B. All of the 
second metal plates B are the metal plates B3 shown in PIG. 7. 

As shown in FIG. 1 , the metal plate B3 includes a 
peripheral portion 62B3 having a circular inner edge 65B3 and 
a single cutout portion 71 foirmed through the peripheral 
portion 62B3 being partially cut off and assumes an outline 
equal in size to the outline of the metal plate Bl. The 
cutout portion 71 is formed at one side of the square shape 
of the metal plate B3 . As shown in FIG* 12, a plurality of 
metal plates B3 are laminated underneath the first metal 
plate A to thereby constitute the casing 60. 

The metal plates B3 are laminated such that the angular 
positions of the cutout portions 71 of the metal plates B3 
are successively shifted in the same circumferential 
direction and such that a phase shift of a predetermined 
angle 90 degrees is produced between two adjacent cutout 
portions 71. Thus, every time four metal plates B3 are 
laminated, the cutout portions 71 of the metal plates B3 are 
arranged all around the casing. The cutout portion 71 of the 
metal plate B3 appears at the same position every five metal 
plates B3 . 

The angle by which the cutout portions 71 are shifted 
from each other is not limited to 90 degrees. As shown in 
FIG. 13, the cutout portions 71 can be shifted from each 
other by 180 degrees. In this case, the cutout portion 71 
appears at the same position every other metal plate B3. 
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when the cutout portions 71 are to be shifted from each other 
by 90 degrees, the first metal plate A and the metal plates 
B3 must assume a square outline as viewed from above. 

The axial fan motor 30 of the second embodiment differs 
from that of the first embodiment in the above-mentioned 
structural feature, but is similar to that of the first 
embodiment in other structural features. Thus, other 
Structural features are not described. 

Through employment of the above configuration, the 
second embodiment yields the following effects. 

All of the plurality of second metal plates B are the 
metal plates B3, Since metal plates of merely a single kind; 
i.e., merely the metal plates B3, are used as the second 
metal plates B, manufacture of the casing 60 is significantly 
facilitated. Since cooling air flows between the interior of 
the casing 60 and the exterior of the casing 60 through the 
cutout portions 71 of the metal plates B3, the efficiency of 
releasing heat from the casing 60 is more enhanced to thereby 
more enhance the cooling efficiency of the heat sink 10, as 
compared to the first embodiment. 

The metal plates B3 are laminated such that the angular 
positions of the cutout portions 71 of the metal plates B3 
are successively shifted in the same circumferential 
direction and such that a phase shift of a predetermined 
angle is produced between two adjacent cutout portions 71. 
Since cooling air flows between the interior of the casing 60 
and the exterior of the casing 60 through the cutout portions 
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71 of the metal plates B3 which are circumf erentially 
arranged at predetermined intervals, heat can be uniformly 
released from the casing 60 to thereby lessen thermal stress 
in the casing 60. Thus, the durability of the casing 60 can 
be enhanced. Particularly, when the predetermined angle is 
90 degrees, every time four metal plates B3 are laminated, 
the cutout portions 71 of the metal plates B3 are arranged 
all around the casing 60. Thus, the above-mentioned effects 
are further enhanced. Also, the second embodiment yields 
other effects similar to those which the first embodiment 
yields . 

Next, a third embodiment of the present invention will 
be described in detail with reference to FIGS. 6, 14, and 15. 

FIG. 6 shows a metal plate B2 which is a kind of second 
metal plate B and is one of layers constituting the casing of 
an axial fan motor according to the third embodiment. FIG. 
6A is a plan view of the metal plate B2, and FIG. 6B is a 
side view of the metal plate B2. FIG. 14 is a sectional view 
of the axial fan motor according to the third embodiment 
which employs the casing formed through combined use of the 
metal plates B2 and Bl, taken along line XIV-XIV of FIG. 15, 
and corresponds to FIG. 8, which shows the axial fan motor 
according to the first embodiment. FIG. 15 is a plan view of 
the axial fan motor according to the third embodiment. 
Structural features similar to those of the first embodiment 
are denoted by common reference numerals. 

The casing 60 of the axial fan motor 30 of the third 



embodiment is composed of a single first metal plate A, which 
is the outermost layer located at the air exhaust side of a 
fan^ and a plurality of second metal plates B. The plurality 
of second metal plates B are composed of the metal plates Bl 
shown in FIG. 5 and the metal plates B2 shown in FIG. 6 such 
that the metal plates Bl and B2 are laminated alternately. 

As shown in FIG. 6, the metal plate B2 includes a 
peripheral portion 62B2 having a circular inner edge 65B2 and 
assumes an outline of greater size than the outline of the 
metal plate Bl. As shown in FIGS. 14 and 15, the casing 60 
is configured such that such metal plates B2 and the metal 
plates Bl used in the first embodiment are laminated 
alternately under the first metal plate A. Accordingly, the 
side walls of the casing 60 assume such a rugged profile that 
peripheral edge portions of the metal plates B2 project 
beyond the peripheral edges of the metal plates Bl. 

The axial fan motor 30 of the third embodiment differs 
from that of the first embodiment in the above-mentioned 
structural feature, but is similar to that of the first 
embodiment in other structural features. Thus, other 
structural features are not described. 

Through employment of the above configuration, the 
third embodiment yields the following effects. 

The plurality of second metal plates B are composed of 
the metal plates Bl and B2 such that the metal plates Bl and 
B2 are laminated alternately. Thus, peripheral edge portions 
of the metal plates B2 which project beyond the peripheral 
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edges of the metal plates Bl serve as fins. As a result^ as 
compared with the first embodiment, the efficiency of 
releasing heat from the casing 60 is more enhanced to thereby 
more enhance the cooling efficiency of the heat sink. Also, 
the third embodiment yields other effects similar to those 
which the first embodiment yields. 

The third embodiment uses the first metal plate A and 
the metal plates Bl used in the first embodiment and assuming 
the same outline. However, the present invention is not 
limited thereto. As shown in FIG. 16, the outline of the 
first metal plate A can be expanded to that of the metal 
plate B2, to thereby improve the appearance of the axial fan 
motor 30. 

Next, a fourth embodiment of the present invention will 
be described in detail with reference to FIG. 17. 

FIG. 17 is a sectional view of an axial fan motor 
according to the fourth embodiment and corresponds to FIG. 16 
showing a modification of the third embodiment. Structural 
features similar to those of the third embodiment are denoted 
by common reference numerals. 

The casing 60 of the axial fan motor 30 of the fourth 
embodiment is composed of a single first metal plate A, which 
is the outermost layer located at the air exhaust side of a 
fan, and a plurality of second metal plates B. The plurality 
of second metal plates B are composed of the metal plates B2 
and the metal plates B3 such that the metal plates B2 and B3 
are laminated alternately. The metal plates B3 are used in 
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place of the metal plates Bl used in the casing 60 of the 
axial fan motor 30 of the third embodiment. 

The plurality of metal plates B3 are arranged such that 
the cutout portions 71 are oriented in the same direction. 
The first metal plate A used in the present embodiment is the 
expanded metal plate A used in the modification (see FIG. 16) 
of the third embodiment. 

The axial fan motor 30 of the fourth embodiment differs 
from that of the third embodiment in the above-mentioned 
structural feature^ but is similar to that of the third 
embodiment in other structural features. Thus, other 
structural features are not described. 

Through employment of the above conf iguration, the 
fourth embodiment yields the following effects. 

The plurality of second metal plates B are composed the 
metal plates B2 and B3 such that the metal plates B2 and B3 
are laminated alternately. Since peripheral edge portions of 
the metal plates B2 which project beyond the peripheral edges 
of the metal plates B3 serve as fins, and cooling air flows 
between the interior of the casing 60 and the exterior of the 
casing 60 through the cutout portions 71 of the metal plates 
B3, the efficiency of releasing heat from the casing 60 is 
greatly enhanced to thereby greatly enhance the cooling 
efficiency of the heat sink. Also, the fourth embodiment 
yields other effects similar to those which the third 
embodiment yields. 

Next, a fifth embodiment of the present invention will 



29 



be described in detail. 

The axial fan motor 30 of the fifth embodiment (not 
shown) is a modification of the axial fan motor 30 of the 
fourth embodiment. The metal plates B2 and B3 are 
alternately laminated such that the angular positions of the 
cutout portions 71 of the metal plates B3 are successively 
shifted in the same circumferential direction and such that a 
phase shift of a predetermined angle is produced between two 
adjacent cutout portions. Preferably, the predetermined 
angle is 90 degrees or 180 degrees as in the case of the 
second embodiment. 

The axial fan motor 30 of the fifth embodiment differs 
from that of the fourth embodiment in the above-mentioned 
structural feature, but is similar to that of the fourth 
embodiment in other structural features. Thus, other 
structural features are not described. 

Through employment of the above configuration, the 
fifth embodiment yields the following effects. Since cooling 
air flows between the interior of the casing 60 and the 
exterior of the casing 60 through the cutout portions 71 of 
the metal plates B3 which are circumf erentially arranged at 
predeteimined intervals, heat can be uniformly released from 
the casing 60 to thereby lessen thermal stress in the casing 
60. Thus, the durability of the casing 60 can be enhanced. 
Particularly, when the predetermined angle is 90 degrees, 
every time four metal plates B3 are laminated, the cutout 
portions 71 of the metal plates B3 are arranged all around 
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the casing 60. Thus, the above-mentioned effects are further 
enhanced. Also, the fifth embodiment yields other effects 
similar to those which the fourth embodiment yields. 

Next, a sixth embodiment of the present invention will 
be described in detail with reference to FIG. 18. 

FIG. 18 is a sectional view of an axial fan motor 
according to the sixth embodiment and corresponds to FIG. 8 
showing the first embodiment. Structural features similar to 
those of the first embodiment are denoted by common reference 
numerals . 

The axial fan motor 30 of the sixth embodiment is 
configured such that the first metal plate A of the casing 60 
and the bearing holder 50 are integrally formed of the same 
metal . 

The axial fan motor 30 of the sixth embodiment differs 
from that of the first embodiment in the above-mentioned 
structural feature, but is similar to that of the first 
embodiment in other structural features . Thus , other 
structural features are not described. 

As compared with the first embodiment, the above- 
mentioned structural feature more simplifies assembly of the 
casing 60 and the main body 40 (the stationary portion 41 and 
the rotary portion 42) of the axial fan motor 30 to thereby 
more simplify the assembled structure of the axial fan motor 
30. Also, the sixth embodiment yields other effects similar 
to those which the first embodiment yields. 

Next, a seventh embodiment of the present invention 



will be described in detail. 

The casing 60 of the axial fan motor 30 of the seventh 
embodiment is configured such that a plurality of metal 
plates and a single or a plurality of resin plates are 
arranged in layers { laminated ) . 

The single or plurality of resin plates include at 
least a single resin plate which is the outermost layer 
located at the air exhaust side of a fan* As in the case of 
the first metal plate A which partially constitutes the 
casing 60 of the axial fan motor 30 of the first to sixth 
embodiment, the resin plate C (not shown) includes a 
peripheral portion having a circular inner edge; a central 
portion having a circular outer edge; and a plurality of arm 
portions for connecting the peripheral portion and the 
central portion. A bearing holder of a rotary shaft of the 
fan is attached to the central portion. In some case, the 
casing 60 may not include resin plates except the outermost 
resin plate C located at the air exhaust side of the fan. 

The axial fan motor 30 of the seventh embodiment 
differs from that of the first embodiment in the above- 
mentioned structural feature, but is similar to that of the 
first embodiment in other structural features. Thus, other 
structural features are not described. 

Since a resin plate(s) partially constitutes the casing 
60, the cooling efficiency of the heat sink 10 drops slightly 
as compared with the first embodiment. However, the weight 
and cost of the casing 60 drop to thereby enable a further 
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reduction in weight and cost of electronic equipment. Since 
the casing can be manufactured from a plurality of metal 
plates, a single or a plurality of resin plates, and 
connection means (such as rivets, bolts, or adhesive), the 
following effect is yielded. In contrast to a casing 
manufactured by use of dies, which involves smoothing of a 
portion of a cast casing corresponding to mating surfaces of 
the dies, deburring, and dimensional finishing, the casing 60 
can be manufactured without the involvement of such machining 
processes, thereby facilitating manufacture and enhancing 
productivity. Also, the seventh embodiment yields other 
effects similar to those which the first embodiment yields. 

Next, an eighth embodiment of the present invention 
will be described in detail. 

The axial fan motor 30 of the eighth embodiment is 
configured such that a bearing holder and a resin plate C 
which partially constitutes the casing 60 and is the 
outermost layer located at the air exhaust side of a fan are 
integrally formed of the same resin through molding. 

The axial fan motor 30 of the eighth embodiment differs 
from that of the seventh embodiment in the above-mentioned 
structural feature, but is similar to that of the seventh 
embodiment in other structural features. Thus, other 
structural features are not described. 

As compared with the seventh embodiment, the above- 
mentioned structural feature more simplifies assembly of the 
casing 60 and the main body 40 (the stationary portion 41 and 



the rotary portion 42) of the axial fan motor 30 to thereby 
more simplify the assembled structure of the axial fan motor 
30. Also, the eighth embodiment yields other effects similar 
to those which the seventh embodiment yields. 

Next, a ninth embodiment of the present invention will 
be described in detail. 

The axial fan motor 30 of the ninth embodiment includes 
air rectification means for straightening cooling air. The 
air rectification means (not shown) is disposed between the 
axial fan motor 30 and the shroud 20 and assumes the form of 
an air rectification cylinder equipped with a plurality of 
air rectification blades. 

The axial fan motor 30 of the ninth embodiment differs 
from that of the first embodiment in the above-mentioned 
structural feature, but is similar to that of the first 
embodiment in other structural features. Thus, other 
structural features are not described. 

Through employment of the above-described structure, 
cooling air which is caused to flow by the axial fan motor 30 
of the ninth embodiment involves no whirls in contrast to the 
first embodiment. Also, as compared with the first 
embodiment, an adverse effect of the main body 40 (the 
stationary portion 41 and the rotary portion 42) located at a 
central portion of the axial fan motor 30 on cooling air flow 
can be greatly eased, thereby greatly suppressing a 
phenomenon that an air flow rate at a central portion of the 
axial fan motor 30 becomes lower than that at a peripheral 



portion of the axial fan motor 30. Thus, the cooling air can 
reach deep into the heat sink 10 along its fins 12, whereby 
the heat sink 10 can be cooled more uniformly to thereby 
further enhance the cooling efficiency of the heat sink 10. 
Also, the ninth embodiment yields other effects similar to 
those which the first embodiment yields . 

According to the ninth embodiment, the air 
rectification means is interposed between the axial fan motor 
30 and the shroud 20. However, the present invention is not 
limited thereto. For example, a plurality of air 
rectification blades can be disposed at a central cutout 
portion of the support base 21 of the shroud 20. 

Next, a tenth embodiment of the present invention will 
be described in detail. 

According to the tenth embodiment, the cooling unit 1 
equipped with the axial fan motor 30 is configured in the 
following manner. The shroud 20 and a single plate (a metal 
plate or a resin plate) which is one of layers constituting 
the casing 60 of the axial fan motor 30 and is the outermost 
layer located at the air intake side of a fan are integrally 
formed of the same material. 

The cooling unit 1 equipped with the axial fan motor 30 
according to the tenth embodiment differs from that of the 
first embodiment in the above-mentioned structural feature, 
but is similar to that of the first embodiment in other 
structural features. Thus, other structural features are not 
described. 
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In contrast to the first embodiment^ through employment 
of the above configuration^ the tenth embodiment facilitates 
assembly of the shroud 20 and the casing 60 of the axial fan 
motor 30. Thus, the axial fan motor 30 can be readily 
mounted above the heat sink 10. Also, the tenth embodiment 
yields other effects similar to those which the first 
embodiment yields. 



